Background: Hyperkalemia is a commonly encountered medical problem. The treatment of hyperkalemia involves the use of pharmacological agents with different mechanism of actions. Sodium Polystyrene sulfonate (SPS) is a cation-exchange resin that exchanges sodium for potassium. In 2009, the United States Food and Drug Administration issued warning against the use of SPS with sorbitol due to risk of colonic necrosis. We present a case of SPS induced colonic necrosis in the absence of sorbitol and risk factors deemed to increase risk of colonic necrosis. Case report: Here we report a 64-year old male with past medical history of kidney stones who was admitted for treatment of colitis which was complicated by septic shock requiring vasopressors. His course was further complicated by hyperkalemia attributed to acute kidney injury. One dose 30 gm of SPS was administered which normalized his serum potassium. The patient's course was complicated by duodenal ulcer, and colonic perforation. The initial pathology findings of the resected specimen were suggestive of inflammatory bowel disease which resulted in starting patient on mesalamine. The patient then developed fistula which was resected and sent for pathology. SPS induced colonic necrosis was made based on the pathology findings. Conclusion: SPS is commonly used to decrease potassium levels. SPS has been reported to be associated with several gastrointestinal complications. FDA issued warning against the use of SPS in patients at risk for complications. Here we report a case with SPS induced colonic necrosis in the absence of risk factors reported in the literature.
Introduction
Sodium polystyrene sulfonate (SPS) was approved in 1958 and is considered ''grandfathered drug", which is a drug product that was on the market prior to the passage of the 1938 Food, Drug, and Cosmetic Act. This Act mandated a pre-market approval of all new drugs requiring manufacturers to prove to the FDA that their drug is safe (Administration, 2009 ). Prior to the passage of this act, drugs were not tested for safety and efficacy before they become available for consumption. SPS, a cation-exchange resin administered orally or via the rectum as an enema, exchanges sodium for potassium; however, it is not selective for sodium only and can also bind to calcium and magnesium (Drug, 2010) . In 2009, the United States Food and Drug Administration (FDA) issued a warning against the concomitant use of sodium polystyrene sulfonate with sorbitol due to cases of colonic necrosis and other gastrointestinal adverse events (Administration, 2009 ). Patients at risk for such adverse events were identified as those with inadequate gastrointestinal function, a history of constipation, and a history of impaction. SPS with sorbitol appears to carry a higher risk of gastrointestinal complications compared to SPS without sorbitol as reported by Harel et al. (Harel et al., 2013) . Nevertheless, several case reports reported the risk of intestinal obstruction and necrosis following the administration of SPS without sorbitol (Tongyoo et al., 2013; Kato et al., 2013; Goutorbe et al., 2011) obstruction due to SPS bezoar formation reported in the literature (Lai et al., 2013) . Here we report a case of SPS without sorbitol induced intestinal necrosis secondary to SPS without sorbitol.
Case report
A 64 year old male with past medical history of genetic neutropenia, hypertension, and tongue cancer in remission presented to our Emergency Department (ED) with a history of lower abdominal pain of unknown duration. In the week prior to this admission, he experienced hematuria prompting an appointment with his urologist. At this outpatient appointment, a CT scan showed right renal stone and the urologist scheduled an elective lithotripsy. However, before the scheduled lithotripsy session he presented to our ED with chills, fever, and colic pain. Upon his presentation, he complained of nausea and vomiting. His vitals and labs on admission were as follows: Maximum temperature (Tmax): 102 F, respiratory rate (RR): 20, blood pressure (BP): 180/98, oxygen saturation (SpO2): 98% potassium (K): 3.7 mEq/L, creatinine (Cr):1.50 mg/dL, blood urea nitrogen (BUN): 23 mg/dL (Table 1) . Home medications prior to admission are shown in (Table 2 ). An abdominal CT scan showed colitis for which he was started on intravenous (IV) levofloxacin 500 mg every 24 h, IV metronidazole 500 mg every 6 h and fluid resuscitation was initiated for acute kidney injury secondary to his kidney stones. The following day (day 2 of admission), he became hypotensive despite the fluid resuscitation and continued to complain of abdominal pain, which was more centered in the suprapubic area. His labs on the second day were as follow: K: 5.6 mEq/L, Cr: 3.40 mg/dL, BUN: 40 mg/dL ( Table 1 ). The decline in kidney function was believed to be multifactorial due to sepsis and administration of non-steroidal antiinflammatory medications. The patient was subsequently transferred to the ICU and vasopressors were initiated as well as hydromorphone 0.5 mg IV as needed every 4 h for increasing pain. A repeat CT scan showed ascending colitis with no signs of perforation. Due to the patient's worsening condition, general surgery was consulted and because no perforation was seen on the CT scan, favored conservative management with intravenous fluids and antibiotics. Labs were repeated upon ICU admission (day 2) and the patient was found to have hyperkalemia (6.2 mEq/L) (Table 1) . No ECG was done at that time, however, due to the elevated blood potassium level, a single 30 g dose of SPS without sorbitol was administered orally. Labs were repeated the next day (day 3) and the serum potassium level was still elevated (5.9 mEq/L) for which the patient received a single dose of 10 units IV regular insulin with 25 g (50 ml of Dextrose 50% in water) (Table 1) . On the fifth day of admission, vasopressors were discontinued and he began to clinically improve. The patient was transferred to the floor and his kidney function further improved and was discharged home on day 9. His labs upon discharge were as follow: K: 3.4 mEq/L, Cr: 1.10 mg/dL, BUN: 37 mg/dL. Three days after discharge, however, he presented with weakness and fever and was found to be anemic with hemoglobin of 7.9 g/dL. Upon direct admission to the ICU, two units of packed red blood cells were transfused and the Gastrointestinal (GI) services were consulted, as there was a concern of GI bleeding. An abdominal CT scan was repeated and showed marked wall thickening in the right hemicolon and proximal transverse colon compatible with colitis, either infectious, ischemic or due to an inflammatory process. The patient was started on broad-spectrum antibiotics, which included vancomycin IV 1 g every 12 h and piperacillin-tazobactam IV 3.375 mg every 6 h.
The next day of admission (day 2 of admission), the patient experienced three bloody stools and a colonoscopy was performed on the ninth day of admission as patient had low ANC (less than 1000). Findings were suggestive of right colon colitis with possible etiology of ischemia and necrotic appearing mucosa. His hemoglobin was 9.6 g/dL, however, overnight the patient experienced melena which resulted in a sudden drop in his hemoglobin (6.7 g/dL). GI services were then re-consulted to do esophagogastroduodenoscopy (EGD), which showed 15 mm duodenal ulcer with edematous and erythematous borders. The ulcer was injected with epinephrine (2 ml of 1:10,000) and the patient was started on pantoprazole IV drip at 8 mg/hr for72 h after which pantoprazole IV 40 mg twice a day was initiated as the size of ulcer precluded clip placement. General surgery was consulted but preferred to observe the patient and to manage his condition conservatively. Thirteen days after admission, the patient reported abdominal discomfort on the right side and spiked one fever (101.8). Another CT scan was obtained and findings were compatible with a perforation of the colon with an air-fluid collection in the right hemiabdomen containing enteric contrast (Image 1). General surgery was notified and patient was taken to the operation room (OR). Exploratory laparotomy was done and patient was found to have abundant adhesions involving the small bowel. There was frank perforation of the ascending colon and stool spoilage along large portion of the right paracolic gutter. Colon specimens were collected and were sent for pathology. On post-operation day one patient developed abdominal pain and hypotension and sepsis protocol was started. Fluconazole IV 400 mg daily was started in addition to piperacillin-tazobactam. On post-operation day five, abdominal pain was better; however, the drainage from the hemicolectomy was found to be turbid and increasing in volume. Abdominal CT scan was ordered and results were suggestive of intra-abdominal abscesses and collection within the wound which subsequently opened and purulent material was removed from wound. The pathological findings from the resected colon were suggestive of inflammatory bowel disease and due to these findings, GI services started patient on mesalamine for presumptive ulcerative colitis. Thirty-four days after admission patient was discharged home. Nineteen days after discharge, he presented again to the ED with fever, chills, drainage and, redness around surgical site. An abdominal CT scan was done with findings suggestive of phlegmonous changes, seroma and cellulitis for which he was started on piperacillin-tazobactam 3.375 g IV extended infusion every 8 h and was discharged on oral amoxicillin-clavulanic acid 875 mg-1 25 mg every 12 h. During outpatient follow up, the patient consulted different rheumatologists and was taken off mesalamine as it was determined that he did not have ulcerative colitis. Four months later, the patient underwent fistulogram due to the nonhealing nature of seroma, which showed transverse colon to skin fistula. This fistula was attributed to inflammatory bowel disease vs. vasculitis and patient was started on prednisone with outpatient management by a rheumatologist.Five months later, the patient presented again to the ED complaining of fever and was found to be hypotensive. He was started on ceftriaxone IV 1 g daily and metronidazole IV 500 mg every 6 h which was subsequently changed to cefepime IV 2 g every 8 h. An abdominal CT scan was done and findings were consistent with enterocutaneous fistula (Image 2). On day 9 of this admission, the patient underwent exploratory laparotomy where the enterocutaneous fistula tract was removed with a subsequent small bowel resection with anastomosis. The fistula tract was sent for pathology where the specimen was found to be granulated and contain SPS crystals. The patient's clinical status improved significantly after the resection and anastomosis and he was discharged 10 days after surgery.
Discussion
SPS is a cation-exchange resin administered orally or via the rectum as an enema that has been available in the market since 1958 for treatment of hyperkalemia. SPS is available with and without sorbitol (70% and 33%) with the rationale behind the use of sorbitol is to induce an osmotic cathartic effect to prevent the SPS impaction or obstruction of gastrointestinal tract. SPS induced colonic necrosis was first reported in 1987 by Lillemoe et al. in five uremic patients (Lillemoe et al., 1987) . In September 2009, the FDA recommended against the concomitant use of SPS with sorbitol due to the increase risk of colonic necrosis and other gastrointestinal complications (Administration, 2009 ). However, this warning for the SPS/sorbitol 70% didn't include SPS/sorbitol 33% products. Initial cases reported colonic necrosis associated SPS in patients with uremia, kidney transplantation, gastrointestinal surgery, or a history of constipation [ (Lillemoe et al., 1987) ; (Gerstman et al., 1992) ; (Rashid and Hamilton, 1997) ; (Wootton et al., 1989) ; (McGowan et al., 2009) ; (Bomback et al., 2009) ]. However, McGown et al. retrospectively reported all gastrointestinal specimens containing SPS crystals while SPS/sorbitol induced colonic necrosis seems to be higher in selected population as described above, colonic necrosis may still occur even in the absence of uremia, gastrointestinal surgery, or other significant morbidities (McGowan et al., 2009 ). Here we report a case of colonic necrosis following the administration of single dose of SPS orally without sorbitol in the absence of risk factors. One explanation for increased risk of colonic necrosis following SPS administration could be due to the decrease of colonic motility following the administration of opiates, which resulted in increase the contact time between SPS and colonic mucosa. Although patient received multiple antibiotics and antifungals during his different admissions, no significant interaction with SPS actually exists. SPS induced colonic necrosis symptoms usually start hours to several days after administration (McGowan et al., 2009) . In our case symptoms started three days after SPS administration and the diagnosis of SPS induced colonic necrosis was delayed. SPS should not be used in patients with hyperkalemia with risk factors that increase the risk of SPS induced-gastrointestinal complications. Additionally, patients with the absence of such risk factors should be assessed carefully and other measures to reverse/manage hyperkalemia may be considered before prescribing SPS. Alternative medications that were found to be effective in treating hyperkalemia in addition to SPS include patiromer (Veltassa Ò ) and Sodium Zirconium Cyclosilicate. Patiromer a nonabsorbable polymer that binds potassium in exchange for calcium in the distal colon was approved in October 2015 for treatment of hyperkalemia (Drug, 2015) . Weir MR et al. conducted multinational, two-phases, single blinded study to evaluate the safety and efficacy of patiromer in chronic kidney disease patients who had hyperkalemia (Weir et al., 2015) . Patients with potassium levels of 5.1 to less than 5.5 mmol per liter received 4.2 g twice daily, while patients with potassium levels of 5.5 to less than 6.5 mmol per liter received 8.4 g twice daily. Among patients with potassium levels of 5.5 to less than 6.5 mmol per liter, the mean potassium was less than 5.5 by day two after the start of patiromer. No fatal adverse events were reported and the most common adverse event was constipation. Some patient population reported in the literature to be at risk for GI complication following SPS were excluded from this clinical trial (patients with gastrointestinal disorders and kidney transplant patients) and the longterm safety of patiromer is unknown. Additionally, potassium levels were measured on day 3 of starting therapy with the goal of the study to evaluate the mean change in the serum potassium levels from baseline to week 4. Altogether, these limitations from the study design may preclude, at this point, the use of patiromer in acute hyperkalemia setting where the need for urgent reduction of serum potassium is needed. Clinical trials are needed to evaluate it's efficacy in acute settings. Sodium Zirconium Cyclosilicate (ZS-9), another potassium lowering agent, works through entrapping potassium in exchange for hydrogen and sodium. In studies, this potassium lowering efficacy of this agent was tested after 48 h of administration. As with patiromer, the long-term safety in high risk patients for GI complications is unknown and more studies may be needed (Packham et al., 2015) .
We think this case is interesting and worth reporting as the initial diagnosis of SPS necrosis was delayed as the patient didn't have risk factors for colonic necrosis except for concomitant opiates administration for the severe pain when he was first admitted for colitis.
